ing of fever, (b) the classification of donors as unsensitized, sensitized, and tolerant, and (c) the passive transfer technique for the measurement of circulating pyrogen by means of fever indices, have already been described (18, 19) . The essential features of the passive transfer method are illustrated diagrammatically in Fig. I . Donor r~ were divided into three groups: (a) unseusitized donors, (b) sensitized donors, and (c) tolerant donors. These categories conform to ones previously defined (18) , with the exception that the sensitized donors had received up to three previous intravenous injections of vaccine, spaced at 3 to 5 week intervals to obviate the development of tolerance (20) .
Recipient rabb/ts were of two kinds: tolerant recipients and normal recipients. The tolerant recipients received a course of daily intravenous injections of 75 million organisms (1.5 mL of a 1.10 dilution of the stock vaccine) for at least 1 week. They were divided into three groups of 5 or 6 animals, and each group was used in rotation for a period of 1 or 2 weeks, during which time tolerance was maintained by daily injections. Before use each group was tested for tolerance. The mean responses of the three groups to similar sera were found to be strictly comparable. Normal recipients, used as controls in each experiment, were either previously unused or had received only occasional injections of donor sera. None of these animals had been previously injected with vaccine.
Transfer Tests for Circulating Pyrogen.--A standard pyrogenic stimulus of 1 ml. of undiluted vaccine was given intravenously to all donors. The animals were then bled once by intracardiac puncture at one of the following seven intervals after injection: 5, 30, and 60 minutes; 2, 3, 5, and 8 hours (see Figs. 8 and 9) . After having been allowed to clot for 30 to 60 minutes in a flask at 37°C., the blood was stored overnight at 4°C. The serum was removed, cleared by centrlfugation, and pooled from 2 or 3 donors bled at the same interval. Before injection into recipients, each sample was incubated for an additional hour. Most sera were used within 24 hours, although several samples were stored for as long as a month at CC. without evident loss of activity.
The volume of donor serum given to each normal recipient was 10 ml. The same amount of donor serum was injected into the tolerant recipients but only after a 30 minute period of incubation at 37°C. with an additional 5 ml. of serum drawn from unchallenged tolerant rabbits. The purpose of this latter incubation was to enhance the fever-blocking effect of tolerance by taking advantage of the known inhlbitors in "tolerant" serum (8) . The total volume of serum given to each tolerant recipient was accordingly 15 ml. Temperature readings after inoculation were taken at 5 minute intervals for the Ist hour, at 10 or 15 minute intervals for the next hour, and thereafter every half-hour for a total of 3 hours. The fever index resulting from the injection of donor serum was calculated as previously described (18) . The usual precautions for the exclusion of contaminating pyrogens were taken (11) , and all sere were checked for sterility.
R~ersal of Tolerance with Thorotrast.--In one experiment 9 ml. of thorotrast (24 to 26 per cent thorium dioxide, Testagar Co., Detour, Michigan) was given intravenously to 3 tolerant donors. 16 hours later these animals were challenged with the standard dose of vaccine. Serum was removed 2 hours after injection of the vaccine and transferred by the method described above to 2 normal and 7 tolerant recipients. As a control procedure, serum from thorotrast-treated donors was injected into normal recipients and was found to be nonpyrogenic.
RESULTS

Differentiation of Early and Late Transferable Pyrogens
The mean febrile responses of tolerant recipients to sera from unsensitized donors are shown in Fig. 2 . The early and late sera were drawn at 5 minutes and 2 hours after injection of the donors with vaccine. The responses of the tolerant recipients to these two sera are compared with the mean responses of normal recipients to the same sera. It will be noted that the pyrogenic activity of the 5 minute serum was completely blocked in the tolerant recipients, whereas that of the 2 hour serum was identical in both normal and tolerant animals.
When the same experiment was performed using the same recipients but the serum from sensitized rather than unsensitized donors, similar results were obtained (Fig. 3 ). It will be noted, however, that the 5 minute serum from sensitized donors contains less transferable pyrogen than does 5 minute serum from unsensitized donors. The reason for this difference will be evident Table I.) Finally, as previously shown by Beeson (20) , serum from tolerant donors was found at no time to contain demonstrable amounts of transferable pyrogen even when tested in normal recipients.
Relationship of the Injected Vaccine to the Transferable Pyrogens
That the transferable pyrogen present in the blood of rabbits immediately after injection of typhoid vaccine is different from that present after 2 hours is evident from the above experiments. The pattern of fever produced by the early factor (long latent period and slow defervescence (18)) is similar to that caused by bacterial pyrogen. The fact that its pyrogenic effect is blocked in tolerant recipients also suggests that the early factor is the originally injected bacterial pyrogen. Conversely, the type of fever produced by the late factor (short latent period and rapid defervescence (18)), and its fail-ure to be blocked in tolerant recipients, indicate a striking similarity to the leucocytic pyrogen described by Bennett and Beeson (9, 10) . Accordingly the two factors will tentatively be referred to as exogenous and endogenous pyrogen respectively. * In this and succeeding charts each group represents 5 or 6 recipients (see Methods).
The following three charts (Figs. 4 to 6) depict the apparent relationship of the exogenous and endogenous pyrogens in the three classes of donors used in these experiments. Fig. 4 deals with tolerant donors. It will be noted that clearance of the injected (exogenous) vaccine (shown by the fine cross-hatching) is apparently so rapid that no transferable amount remains at 5 minutes. Because of this rapid removal of the bacterial pyrogen, the postulated cellular injury is correspondingly slight, and therefore the amount of endogenous pyrogen pro-duced (shown in the broad cross-hatching) never reaches what may be called the minimal transferable level for the technique employed in this study. As can be seen, there is no significant febrile response to sera drawn at any of the four intervals after inoculation. ~ That a small amount of endogenous factor (not detectable by the passive transfer test) is produced, may be inferred from the fact that tolerant donors develop some fever following the injection of vaccine (see insert on left-hand chart in Fig. 10 ). When the serum of sensitized donors is studied (Fig. 5) , clearance of injected vaccine is found to be less rapid than in tolerant donors so that a moderate amount remains 5 minutes after inoculation, as evidenced by the mean fever index of normal recipients3 Clearance is complete at 30 minutes, and no transferable pyrogen is present in the serum of such donors at this time.
Minimum Transferable 0 Level
= The fever index recorded for tolerant recipients injected with 5 minute serum (open square with accompanying arrow and question mark) is probably erroneous. Its slightly positive value is due, not to characteristic pyrogenic responses in the tolerant recipients, but rather to gradual elevations of temperature occasionally encountered even in uninjected animals and presumably due to physiologic factors unrelated to circulating pyrogens. It seems most unlikely that there is demonstrable endogenous pyrogen in the 5 minute serum of sensitized animals in view of its absence in analogous serum from unsensitized donors (Figs. 2 and 6 ).
Thereafter, however, apparently due to the initial injury of the donors' cells, pyrogenic activity reappears in sera removed at 1 and 2 hours. The similarity of the mean responses of tolerant and normal recipients to this later appear- ing pyrogen (open circles and squares) indicates that it is of the endogenous type.
The chart in Fig. 6 summarizes the results with unsensitized donors. It will be seen that the pyrogen present in the 5 minute serum is entirely of exogenous origin since it produces fever in normal but not in tolerant recipients. In the 30 minute serum both exogenous and endogenous pyrogens are present. This conclusion is based upon the facts: (a) that the serum causes slight fever in tolerant recipients (solid square) thus indicating the presence of some endogenous pyrogen, 8 and (b) that it causes a significantly higher fever index in normal recipients (solid circle), the difference in the two fever indices being due to exogenous pyrogen. Thus the injected (exogenous) pyro- gen is cleared more slowly than in sensitized donors and is still present after the endogenous factor has already made its appearance. The continuous pyrogenicity of the donor blood when given to normal recipients (which react to both the exogenous and endogenous factors) is thus accounted for (see s The mean fever index at this time is admittedly small but is based on characteristic though slight febrile responses. Since endogenous pyrogen reaches nearly maximal levels by 60 minutes, it is evident by extrapolation that the 45 minute sample from these donors should contain approximately equal amounts of both exogenous and endogenous factors (see Fig. 5 ).
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curve connecting solid circles). The close correspondence of the mean fever indices of normal and tolerant recipients to samples of serum drawn at 1 and 2 hours, on the other hand, indicates that pyrogen circulating in the donor blood by this time, as in sensitized donors, is predominantly, if not entirely, of endogenous origin.
The relationships indicated by the data depicted in Fig. 6 are further illustrated by the individual fever curves recorded in Fig. 7 . This figure shows the febrile responses of a single pair of recipients, one normal and one tolerant, to the same samples of sera drawn from uusensitized donors at various intervals after inoculation with typhoid vaccine. The persistent pyrogenicity of these successive serum samples to the normal donor is apparent. In contrast, the tolerant recipient shows no response to the samples drawn before 60 minutes. 4 To the sera drawn thereafter, the responses of the two recipients are practically identical, indicating that by this time the endogenous factor has appeared. The abrupt onset of fever and the rapid defervescence exhibited by the tolerant recipient receiving the 60 minute and 2 hour sera are similar to those reported with leucocytic pyrogen (9, 10). Conversely, the slower and more prolonged response of the normal recipient to the 5 and 30 minute samples is characteristic of the fever caused by bacterial pyrogens (11) .
Relation of Donor Fever to Circulating Endogenous Pyrogen
In Fig. 8 the mean fever of donor rabbits, previously sensitized to vaccine, is compared with the mean blood levels of exogenous and endogenous pyrogens as measured by the passive transfer method. It is evident from the fever indices of the recipients that the exogenous factor is rapidly cleared from the donor's blood, whereas the endogenous pyrogen persists at high levels for 1 to 3 hours after inoculation. The persistence of endogenous pyrogen corresponds closely with the shape of the donor fever curve. As the fever subsides after 3 hours, the transferable endogenous factor disappears from the circtdation.
Similar data are summarized for non-sensitized donors in Fig. 9 . The higher and more prolonged fever exhibited by the unsensitized donors, as compared to the sensitized, is well correlated with the greater amounts and duration of endogenous pyrogen in their bloods. The striking conformity of the concentration curve of endogenous pyrogen with that of the donor fever is suggestive of a causal relationship.
Endogenous Pyrogen and Reversal of Tolerance
The mean response of normal recipients to serum taken from a pair of tolerant donors 2 hours after injection of vaccine is shown on the left half of from similar tolerant donors after "reticuloendothelial blockade" with thorotrast. Not only was transferable pyrogen demonstrable in the 2 hour serum, but also the pattern of fever produced and the similarity of the responses in the normal and tolerant recipients indicate that the circulating pyrogen in the donors' blood was of the endogenous type. The appearance of endogenous pyrogen in the 2 hour serum of tolerant donors treated with thorotrast is of particular significance because, in reversing tolerance, thorotrast renders the rabbit sensitive again to bacterial pyrogen (see silhouettes in Fig. 10 ). 
DISCUSSION
The following facts relating to pyrogen tolerance have a direct bearing upon the rationale of the methods used in these studies.
(a) When bacterial pyrogen in saline is administered to tolerant recipients, the febrile response is both delayed and depressed. In contrast, the same amount of pyrogen previously incubated with normal serum causes a response comparable to that observed in normal recipients (7, 8) .
(b) This augmenting effect of the normal serum is inhibited if tolerant serum is added to the pyrogen-serum mixture before injection (8) .~
In the method of passive transfer used in the present experiments the pyrogenic factors under study were necessarily in a serum medium. Therefore, in order to nullify the augmenting effect of normal serum, referred to above, each sample of donor serum was incubated with tolerant serum before being injected into the tolerant recipients. It was reasoned that the pyrogenic effect of any uncleared vaccine remaining in the donor blood would thus be blocked.
In contrast, the pyrogenic factor extracted from leucocytes is unaffected by combination with serum and exhibits no cross-tolerance with bacterial pyrogen (10) . Animals tolerant to the latter react as vigorously to leucocytic pyrogen as do non-tolerant animals. Accordingly, endogenous pyrogens of the type extractable from leucocytes would be expected, if present in donor sera, to cause identical febrile responses in tolerant and non-tolerant recipients.
In short, this method appears to afford a means of distinguishing between exogenous and endogenous pyrogen. Fever due to the presence of exogenous (injected) pyrogen in the donor serum should be blocked in tolerant recipients but demonstrable in normal recipients. The febrile response to endogenous pyrogen, such as might arise from cell injury, should, on the other hand, be the ~me in both types of recipients.
As is evident from the experimental results, the pyrogenic factor present in the donors' circulation 5 minutes after inoculation was inactive in tolerant recipients. There is strong evidence, therefore, that it represented the injected vaccine not yet cleared from the donors' blood stream. The pyrogen present at 1 hour and after, however, behaved very differently. It was found to be equally active in normal and tolerant recipients. Because it thus resembled leucocytic pyrogen and produced an indistinguishable type of fever curve, it was tentatively concluded to be of endogenous origin. 6 5 The nature and mechanism of action of the serum "augmenters" and "inkibitors" remain undefined. Recent evidence suggests that these factors are located in the alpha-beta and the gamma globulin fractions respectively (8) .
0 The reappearance of an injected radioactivdy-tagged pyrogen (E. coli endotoxin) in the blood stream of mice has recently been noted under special drcumstances (21) . On the In addition, the patterns of the fevers in both sensitized and unsensitized donors were shown to correlate closely with the amount and persistence of transferable endogenous substance in their sera. The endogenous factor appeared to be intimately related to the duration as well as to the onset of the fever. In marked contrast, there was no such correlation between the fever and the presence of the exogenous factor in the circulation.
Finally, the endogenous factor was demonstrable in the blood of tolerant donors rechallenged with typhoid vaccine after "blockade" of the reticuloendothelial system by thorotrast. The appearance of endogenous pyrogen in the circulation coincided with the restoration of the normal febrile response to the injected (exogenous) pyrogen. This association supports the thesis that fever is directly related to the presence of endogenous pyrogen in the circulation. In this regard, Beeson has found that tolerant animals given thorotrast show a delayed clearance of the injected vaccine (22)Y Pyrogenic activity is still present in the sera of such donors 4 minutes after inoculation. In contrast, untreated tolerant controls have completely cleared their circulations of transferable pyrogen by this time. It is postulated that the delay in clearance caused by the thorotrast allows for greater injury to cells of the host by the injected vaccine. This in turn results in the appearance of transferable amounts of endogenous pyrogen. It is the increased production of the latter substance, as evident by its detectability in the blood, which appears to cause the increase in fever.
There is a possible objection to the hypothesis that the endogenous factor comes from injured tissue. It is conceivable that the injected pyrogen may become so altered within the body (e.g. by enzymatic breakdown or by combination with a serum factor) that it appears in the circulation as a new substance, exhibiting no cross-tolerance with bacterial pyrogen and producing fever without an appreciable latent period. Such a hypothesis has been proposed by Grant (5). 8 Its validity seems doubtful for at least two reasons. First, as measured by its ability to potentiate fever, the reaction between bacterial pyrogen and serum in vitro goes to completion in as little as 2 minutes (6, 24) . This reaction, therefore, is too rapid to account for a possible transformation of exogenous into endogenous pyrogen, because even at the basis of time relationships previously described in sensitized donors (18) , it might be assumed that endogenous pyrogen is simply the injected vaccine which has returned to the circulation. That this is not the case, is indicated by the fact that the tagged pyrogen disappears from the blood of non-sensitized animals before either the endogenous pyrogen or the fever reaches a maximum.
7 A similar prolongation of clearance has been demonstrated in non-tolerant, thorotrasttreated rabbits given an intravenous injection of radioactive colloidal gold (23) . 8 Grant's theory was based on the observation that pyrogen-plasma combinations incubated in dlro cause the same type of febrile response as does blood drawn from donors 40 to 180 minutes after challenge with pyrogen. end of 5 minutes in vivo all demonstrable pyrogen is still of the exogenous type (see Figs. 5 and 6 ). Secondly, in the present experiments donor blood containing the injected pyrogen was incubated for a sufficient time to allow for any such hypothetical transformation. Samples of 5 minute blood, for example, containing exogenous factor were incubated not only for 30 to 60 minutes at 37°C. immediately after withdrawal, but also for an additional hour before injection (see Methods). In spite of such prolonged incubations the pyrogen contained in the serum still behaved as exogenous factor. Endogenous pyrogen, on the other hand, appears in dvo within 1 hour after inoculation. This observation indicates that incubation with serum factors alone cannot be responsible for converting exogenous pyrogen to the endogenous form.
Although conclusive proof is still lacking that the endogenous factor identified in the present studies arises from injured cells, such an origin seems more likely than that postulated in Grant's transformation theory. Particularly noteworthy is the fact that the endogenous factor possesses properties which are indistinguishable from those of leucocytic pyrogen? Since this latter substance was extracted from leucocytes which had had no contact with bacterial pyrogens, its fever-producing properties cannot be attributed to a transformation product of an exogenous factor. Moreover, the presence of a pyrogenic substance in normal host cells suggests that there may be a common factor which causes the fevers of various inflammatory states; e.g., those resulting from malignancy, vascular accidents, and trauma, none of which appears to involve bacterial pyrogens. The fact that febrile and leucopenic responses, identical to those caused by bacterial pyrogens, have been described in experimental hypersensitivity (25, 26) also suggests a common mechanism for the pathogenesis of fever. The demonstration of an endogenous factor, indistinguishable from leucocytic pyrogen, in the circulation of rabbits with fever resulting from typhoid vaccine adds further support to the thesis. Still more impressive is the correlation noted between the fever thus produced and the presence of endogenous pyrogen in the circulation. Finally, the recent observation of Grant (27) that even direct intrahypothalamic injections of bacterial pyrogens or pyrogen-serum mixtures cause fever only after an appreciable latent period appears to confirm the indirect action of bacterial pyrogens in causing fever.
D Leucocytic pyrogen has also been shown to differ from bacterial pyrogens in its relative lability to heat (10) . Tests of heat stability were attempted on the circulating endogenous factor, but were found to be impractical because of the coagulative effect of the heat upon the proteins in the serum.
In a further test, samples of serum containing endogenous factor were injected into norreal recipients and did not cause leucopenia, a finding also reported with leucocytic pyrogen (I0). However, since small doses of exogenous pyrogen likewise do not induce leucopenla (3), this test was considered inconclusive.
Before the cell injury hypothesis for the origin of fever (1, 2) can be fully accepted, however, two important additional facts must be established. First, it must be shown that endogenous pyrogen, similar to that described in the present studies, is detectable in the circulation during other forms of experimental or natural fevers--such as those produced by localized infections, hypersensitivity states, etc. And secondly, endogenous pyrogen must be demonstrated in cells other than polymorphonuclear leucocytes, in order to account for fevers resulting from granulomatous diseases and those occurring in the presence of agranulocytosis (10, 28) .
SUMMARY
Further studies have been made of a pyrogenic substance which appears in the circulation of rabbits during the course of experimental fever induced by injection of typhoid vaccine. With the use of a passive transfer method and pyrogen-tolerant recipients, the biological properties of this substance have been differentiated from those of the uncleared vaccine in the circulation. The newly identified factor resembles leucocytic pyrogen in the rapidity with which it produces fever and in its failure to exhibit cross-tolerance with bacterial pyrogen. This striking similarity of properties suggests that the circulating factor is of endogenous origin and may arise from cell injury. A close correlation between its presence in the circulation and the existence of fever has been demonstrated.
The possible relationship of these findings to the pathogenesis of fever is evident.
